Introduction
Colorectal cancer ranks as the third most commonly diagnosed cancer in males and the second in females worldwide, with 1,400,000 new cases and 693,900 deaths estimated to have occurred in 2012. 1 Among newly diagnosed cases, ~40%-50% of them have metastatic disease. 2 Chemotherapy alone or in combination with monoclonal antibodies has proven survival benefit and has been accepted as the standard first-or second-line treatment for metastatic colorectal cancer (mCRC). 3, 4 The overall survival (OS) is reported to be about 30 months in average. 5 However, more than one-thirds of patients with mCRC still have a chance to receive 3 or more lines of therapy. 6 
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Recently, at least 4 regimens are recommended by National Comprehensive Cancer Network guideline as the third-or later-line therapy, which include anti-epidermal growth factor receptor (anti-EGFR) monoclonal antibodies with or without irinotecan (Pfizer, New York, USA), regorafenib (Bayer, Leverkusen, German), TAS-102 (Taiho Oncology Inc, NJ, USA), and programmed cell death protein-1 (PD-1) blockade. 8 Several trials have documented that anti-EGFR monoclonal antibodies with or without irinotecan improved antitumor activity and OS in patients with irinotecanrefractory colorectal cancer, with objective response rate (ORR) of 20%-25.7%, time to progression (TTP) ranging from 3.4 to 5.4 months, and OS of 8.0-10.4 months. 9, 10 The CORRECT trial reported that regorafenib might add survival benefit in patients with mCRC, with an ORR of 1%, 1.9-month progression-free survival (PFS) and an OS of 6.4 months. 2 In the RECOURSE trial, mCRC patients with TAS-102 who progressed through at least 2 previous regimens showed superior efficacy compared with the placebo group in PFS (2.0 months vs 1.7 months, p,0.001) and OS (7.1 months vs 5.3 months, p,0.001).
11 A Phase II study evaluated clinical activity of pembrolizumab for treatment of patients with DNA mismatch repair deficiency (dMMR) mCRC and who had progressed through 2 or more therapies and found that the immune-related ORR was 40% and the immune-related PFS rate at 20 weeks was 78%. 12 Despite survival benefits, the aforementioned regimens are not widely adopted in clinical practice possibly due to the following reasons. First, the treatments only benefit a limited number of patients. For example, about 40% of mCRC patients have wild-type RAS and meet the eligibility for therapies using anti-EGFR antibodies. 12 Second, dMMR is rare in mCRC and 3.5%-5.0% of mCRC may benefit from PD-1 blockade. 13 Third, the absolute survival benefit of both tyrosine kinase inhibitors and TAS-102 is very limited. 2, 11 Finally, but importantly, the 4 recommended regimens are very expensive and not all patients can afford them in China. Considering these obstacles, further efforts are needed to explore more cost-effective regimens for patients in China.
According to our clinical experience, patients who have progressed from standard therapies and have a good performance are suggested to continue oxaliplatin (Sanofi-Aventis, Paris, France)-containing regimens as the later-line therapy. However, limited data is available on its clinical efficacy. In the present retrospective study, we aimed to evaluate the efficacy of rechallenge of oxaliplatin-containing regimens in Chinese mCRC patients who have failed 2 or more lines of standard therapy.
Patients and methods Patients
Between April 2004 and October 2013, we retrospectively reviewed 1,140 histologically confirmed and measurable stage IV CRC patients at the Sun Yat-sen University Cancer Center. The major selection criterion was receipt of oxaliplatincontaining chemotherapy in the third-or later-line therapies. Other criteria for eligibility were as follows: 1) prior use of oxaliplatin as the first-or second-line therapy, 2) Eastern Cooperative Oncology Group (ECOG) performance scores of 0-2, 3) adequate hepatic function bilirubin ,2.0 mg/dL, transaminases levels ,3 times the upper normal limit (5 times for patients with liver metastasis), 4) adequate renal function (creatinine ,1.5 mg/dL), 5) adequate bone marrow function (absolute neutrophil count .1,500/µL, hemoglobin .9.0 g/dL, and platelets .75,000/µL), and 6) expected life expectancy of .3 months. Written informed consent was required before chemotherapy.
Exclusion criteria included 1) peripheral neuropathy .grade 1 as measured by NCI-CTCAE 4.0; 2) disease relapse after the termination of oxaliplatin treatments within 6 months; 3) resumption of treatment after an oxaliplatin-free interval because of toxicity; and 4) no clinical data available obtained.
In the control group, patients were treated with anti-EGFR antibodies with irinotecan in later-line therapy.
This retrospective study was approved by the Institutional Review Board of the Sun Yat-sen cancer center. All inpatients were informed that their medical records may be reviewed for scientific research purposes and their individual confidentiality would be protected in accordance with the ethical standards of the Declaration of Helsinki; therefore, no written informed consent was required for this research.
statistical analyses
Descriptive statistics were reported as proportion and median. Tumor responses were assessed by RECIST 1.1 criteria every 6-8 weeks. Radiologic evaluation consisted of chest and abdominopelvic CTs. Time to treatment failure (TTF) was defined as the time from the initial of oxaliplatin rechallenge or anti-EGFR antibodies with irinotecan in the third-or later-line treatment to treatment disruption for the following reasons: disease progression, treatment toxicity, patient preference, surgery, or death. OS was defined as the time from the initial of oxaliplatin rechallenge or anti-EGFR antibodies with irinotecan in the third-or later-line treatment to death from any cause or loss of follow-up. Fisher's exact test and χ 2 analysis
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rechallenge of oxaliplatin in mcrc were used, as appropriate, for categorical data. TTF or OS was calculated using the Kaplan-Meier method and data were compared using the log-rank test. All factors possibly influencing TTF or OS of oxaliplatin rechallenge were evaluated using univariate and, subsequently, multivariate analyses. Two-tailed p-values of ,0.05 were considered statistically significant. SPSS version 18.0 was used for statistical analysis.
Results
Patient characteristics
Between April 2004 and October 2013, 95 out of 1,140 consecutive patients with mCRC were retreated with oxaliplatincontaining regimens and included in the final analyses. Meanwhile, 29 patients treated with anti-EGFR antibodies with irinotecan served as the control arm.
In the oxaliplatin arm (n=95), the median age of patients was 54 years old (range: 22-79 years). The majority of patients were male (63.2%) and had left-sided colorectal cancer (73.7%). Kirsten rat sarcoma viral oncogene (KRAS) was detected in 59 patients, and which showed 45 of wild type and 14 of mutated type. In total, 28 patients were diagnosed with stage I-III and predominantly received adjuvant oxaliplatin chemotherapy. At the first time of detection of recurrent or metastatic disease, 25 patients (26.3%) had only liver metastases. Eighty percent of patients (n=76) who were exposed to 1-20 cycles of first oxaliplatin treatment as the first-line therapy had a median of 10.18 months of PFS. The remaining patients who received 2-12 cycles of first oxaliplatin treatment in the second-line therapy had a median PFS of 10.03 months. The oxaliplatin-containing chemotherapy re-treatment regimens were mainly 5-fluorouracil, levoleucovorin, and oxaliplatin (mFOLFOX6) (n=70, 73.7%) and capecitabine and oxaliplatin (XELOX) (n=19, 20%). The treatment schedules in terms of dosage, number of cycles, and the interval between cycles were strictly followed against guideline. Furthermore, 45 patients had received anti-vascular endothelial growth factor (anti-VEGF) -or anti-EGFR-containing therapy. The proportions of patients retreated with oxaliplatin in the third, fourth, and later line were 82.1%, 13.7%, and 4.2%, respectively.
For the irinotecan arm, the demographic and clinical characteristics were comparable with the oxaliplatin arm, except for having a higher percentage of patients classified as wild-type mCRC (58.6% vs 47.4%) ( Table 1) .
Efficacy
Until July 18, 2017, the median follow-up time from disease recurrence/metastasis was 33 months (range: 6.7-118.8 months). In the oxaliplatin arm (n=95), 84.2% and 83.2% of patients had experienced progression and died at the last follow-up, respectively. The median number of cycles of oxaliplatin reexposure was 3 (range: 1-12). The primary reason for discontinuation of treatment was disease progression (84.2%), and the other reasons included patient refusal (n=9, 9.5%), inability to tolerate treatment (n=3, 3.2%), 
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Yang et al palliative surgery (n=1, 1.1%), or death (n=1, 1.1%). For the control arm (n=29), 82.8% and 89.7% of patients had experienced progression and died at the last follow-up, respectively. The median number of cycles of anti-EGFR antibodies with irinotecan completed was 3 (range: 1-18). In addition to disease progression (n=26), 3 patients discontinued treatment due to treatment toxicity. After progression from rechallenge of oxaliplatin, 45 (47.4%) patients received later treatments, in rechallenge of oxaliplatin arm, of which 11 patients were treated with anti-EGFR antibody monotherapy or combination with irinotecan, 6 with famitinib, 4 with fruquintinib, 1 with gemcitabine, and the others with fluoropyrimidinebased regimens. In anti-EFGR antibodies with irinotecan arm, 12 (43.4%) patients received post-treatment after progression from anti-EGFR antibodies with irinotecan, and of which 7 patients treated with oxaliplatin-containing regimens, 2 patients treated with famitinib, and the other three treated with panitumumab, TAS102 and pemetrexed, respectively. The overall post-treatments between the 2 arms were similar (p=0.57).
In the oxaliplatin arm, the ORR was 6.3% with no complete response (CR), 6 (6.3%) of partial response (PR), 39 (41.1%) of stable disease (SD), and 37 (38.9%) of progressive disease (PD). The remaining 13 patients were not evaluated. The disease control rate (DCR) was 47.4% (45/95; Table 2 ). The median TTF from rechallenge of oxaliplatin was 3.77 months (95% CI: 3.00-4.54), while the median OS was 12.17 months (95% CI: 10.85-13.48; Figures 1 and 2 ). In the irinotecan arm, the ORR was 13.8% with 4 PR. The DCR was 51.7% (15/29). The median TTF and OS were 4.77 months (95% CI: 1.33-8.20) and 11.37 months (95% CI: 8.26-14.48), respectively. The TTF and OS were not different between the oxaliplatin and irinotecan arms according to the Kaplan-Meier curve analysis (p=0.90, p=0.80, respectively; Figures 1 and 2) . The χ 2 test indicated insignificant results for ORR between 2 arms (p=0.28; Table 2 ). In the univariate analyses for rechallenge of oxaliplatin, the patient's age, sex, stage and location of primary tumor, sites of metastases, status of KRAS mutation, monoclonal antibodies treatment, reexposure to oxaliplatin, lines of rechallenge of oxaliplatin, and the best response to the first oxaliplatin were not associated with TTF (p.0.05). Only patients who achieved disease control (DC) by reexposure to oxaliplatin had a superior TTF when compared with those presented 13 vs 1.7 months, p,0.001) . Correlation analysis was further conducted to explore the possible influence of the best response to the first oxaliplatin on efficacy of oxaliplatin reexposure, but there was no statistically significant correlation identified (p=0.81). In the univariate analyses, patients who were male or achieved DC disease were found to have superior OS from oxaliplatin reexposure, but only DC disease was identified as the independent prognostic factor of OS in the multivariate analysis (DC vs PD: 15.73 months vs 6.27 months, p,0.001). The detailed results are shown in Table 3 and Figures 3 and 4 .
Discussion
Previous studies reported that about 34%-43.2% of the patients with mCRC who progressed after receiving all standard therapies had received third-or later-line treatment. 6, 7 Although there are alternative later-line therapies available, the efficacy of these treatments has been discouraging. Consistent with previous reports, our study found that 
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Yang et al anti-EGFR antibodies with irinotecan resulted in a ORR of 13.8%, a median TTF of 4.77 months and a median OS of 11.37 months in the control arm, 14, 15 However, in the realworld practice, mCRC patients after experiencing primary treatment failure, especially with KRAS mutated type, require reexposure to oxaliplatin-containing regimens. 16 In this study, reexposure to an oxaliplatin-containing regimen yielded an ORR of 6.3%, a median TTF of 3.77 months, and a median OS of 12.17 months. There were no significant differences in treatment efficacy between patients treated with oxaliplatin and anti-EGFR antibodies with irinotecan. This may suggest that reexposure to oxaliplatin-containing chemotherapy might be an alternative option as a later-line treatment for patients with mCRC.
Very limited studies exist on examining the role of reexposure to oxaliplatin in third-or later-line therapy in mCRC patients. In a smaller Italian Phase II study (n=12), 17 the reexposure to oxaliplatin resulted in a PR and SD in 25% and 50% of patients, respectively. However, this study did not report any treatment efficacy data on the PFS and OS. Another Japanese study of mCRC patients previously treated with oxaliplatin and irinotecan found that reexposure to oxaliplatin produced 6.1% ORR, a median PFS of 3.2 months, and a median OS of 10 months. 18 However, this study is limited by the small sample size and lack of a control arm. A retrospective study reported similar results in terms of 56% of DCR, 6.04 months of TTF, and 10.4 months of OS following rechallenging of oxaliplatin. 16 It was noteworthy that this study included patients who were not reexposed to oxaliplatin as the third and later line and had no data on ORR. 16 In addition, other studies reported 6.3%-36% of ORR, 4.4-8 months of PFS/TTP/TTF, and 6-16 months of OS. [19] [20] [21] [22] However, these studies are limited by the fact that not all patients received oxaliplatin during the first-and/or second-line treatment. To sum up, our data suggest that the rechallenge of oxaliplatin in the third-or later-line therapy may lead to better tumor control and improved survival benefits for mCRC patients.
In the Japanese study, multivariate analysis showed that good performance status, a single site metastasis, and disease control were independent determinants of longer PFS. In the case of OS, being male and single site metastasis were found to be positive predictors of OS. 18 In a retrospective study, patients who attained disease control had higher median OS (14.5 vs 6.24 months; p,0.001) and TTF (7.5 vs 3.6 months; p,0.001) when compared with those with PD. 16 Similarly, in our study, patients who attained DC disease after rechallenge of oxaliplatin had a longer TTF (6.13 vs 1.7 months; p=0.00) and OS (15.73 vs 6.27 months; p=0.00). Being of male sex was also found to be correlated with longer OS. Although patients achieving PR or CR by the first oxaliplatin treatment had a longer OS by reexposure to oxaliplatin in the Costa's retrospective study, 16 our study did not confirm such finding. The 3 studies documented that response to reexposure to oxaliplatin would translate to survival benefit. But progression from the first oxaliplatin doesn't always predict the no response to that of oxaliplatin reexposure. In other words, it is possible that oxaliplatin resistance is transient in mCRC. There is a case report showing possible interaction of oxaliplatin and cetuximab, in patients retreated with oxaliplatin and cetuximab. Bevacizumab is thought to normalize the tumor vessels and to decrease the intratumoral tissue pressure, making the drug influx more effective. 23, 24 In our study, 47.4% of patients received cetuximab or bevacizumab in combination with oxaliplatin.
Strengths and limitations
Although the advantages of this study lie in a large sample size and the use of control arm, several limitations may hamper the generalization of the results to larger population. First, selection bias cannot be excluded from the study. We only included patients treated with oxaliplatin-containing third-or later-line therapy but without peripheral sensory neuropathy. The literature documents that about 84% patients experience long-term peripheral neurotoxicity of up to 2 years following completion of the first cycle of oxaliplation-containing regimen. 25 Second, the treatment toxicity, especially peripheral neuropathy of oxaliplatin-containing regimen in later-line therapy, was not analyzed because of insufficient data. Finally, due to the retrospective nature of the study, the endpoint TTF instead of the PFS was used to evaluate treatment benefit, which might not cover the true treatment efficacy of reexposure to oxaliplatin.
Conclusion
This retrospective study showed that oxaliplatin-containing chemotherapy as third-or later-line therapy may lead to tumor control and improved survival in mCRC patients, which was equivalent to that of anti-EGFR antibodies with irinotecan. Further prospective longitudinal studies are needed.
